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This thesis conducts empirical analysis of food demand in Japan, focusing on beef 
demand. The thesis takes in to account different datasets from different sources, namely family 
ck corporation 
industries and trade statistics of Japan. In this study, monthly, daily and regional pseudo-panel data 
is used. Factors such as expenditure and price changes, demographics, regions, seasons, time trend, 
food scare outbreaks (BSE and FMD), tariff reductions, days of the week, public holidays, Golden 
Week, Bon, o- -seibo are taken in to consideration. The thesis used different estimation 
techniques like linear approximate quadratic almost ideal demand system (LA-QUAIDS) and the 
quadr
effects on the quantity demanded for gift food categories as Japan has various regional cuisines and 
food specialties. As for the eating habit, pork is popular in major cities in eastern Japan, while beef 
is popular in western Japan. Chicken is similar to beef except for Yokohama.  In the case of food 
scare outbreaks, the impact of BSE on the demand for beef is more severe than that of FMD. It also 
takes longer time to recover than the impact of FMD. In this study, the impacts of trade agreements 
that are followed by change in tariff rate are also found to be important. Among the domestically 
produced beef items, dairy beef is the most impacted both by Australian and US agreements, 
whereas the Wagyu beef is the least impacted by the agreements. Therefore, with respect to the 
food scare outbreaks and subsequent crisis, meat industries and government agencies need to 
consider important measures such as strengthening quality control system.  Precautions should be 
made regarding to the domestic beef production before the new trade agreements are signed. 
Japanese government as well as every stakeholder to consider the factor that could hinder the supply 
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CHAPTER 1: Introduction 
1.1.  Research Background  
Food in Japan is not only a meal meant to be eaten, but also an important aspect of culture. 
It is used as one of the socialization tools. For instance, Japanese invest a substantial amount of 
money on gift-giving (Rupp, 2003). Befu (1964) stated that food is considered the traditional type 
of gift in Japan. Japanese buy luxury food seasonally as gifts for family, friends, or colleagues. O-
-seibo are particularly popular gift-giving events in Japan. 
Japanese food consumption pattern has been undergoing dramatic changes over the last 
several years. There have been increasing consumption of meats, such as beef and dairy products, 
while there have been decreasing consumption of rice, fish, fresh fruits, as well as fresh and 
processed vegetables in Japan. Meat consumption, beef in particular, does not have a long history 
in Japan due to a dietary ban on the eating of flesh from four-legged animals before the Meiji 
Restoration (Kiple and Ornelas, 2000). However, there has been gradual changes for years and 
eventually meat products have become important food items in the Japanese diets. The opening of 
 as 
well as removal of the longstanding social taboo against the eating of meat became a symbol of 
this integration. Particularly, ever since Japan had started westernization, its food consumption 
pattern have undergone dramatic changes, and consumption of meat products has been getting 
more important in the Japanese diet (Chern et al., 2002). 
The followings are some of the reasons attributing to the increase in the demand for meat, 
beef in particular. As it is obviously known historically, Japan had protected its domestic beef 
market from imported beef through various protectionism policies. As a result of the policies, 
Japanese consumers had paid four to five times more for beef than do US consumers (Wahl et al., 
1991; Weatherspoon and Seale, 1995). However, beef import has rapidly increased due to greater 
Japanese demand for beef, limitations on increasing domestic beef production, and pressure from 
beef exporting countries. Trade agreements, such as Beef Market Access Agreement (BMAA) and 
Comprehensive and Progressive Agreement for Trans-Pacific Partnership (CPTPP) have attributed 
to the influx of imported beef in Japan (Lee and Itakura, 2014; Manger, 2005; Takahashi and 
Maeda, 2018; Todsadee et al., 2012; Wahl et al., 1991). BMAA agreement reduced quota 
restrictions on imported beef, and agreed to increase beef imports as well as to replace the import 
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quota by an import tariff in 1991 (Coyle, 1984; 1990; Weatherspoon and Seale, 1995). After beef 
tarification policy of 1991, the quantity demanded for imported beef has increased. However, when 
compared with other developed countries, per capita consumption of Japan is still very low. For 
instance, as a developed and top meat per capita consumer, Australia consumes 21.6, 20.1, 39.6 
and 9.0 kilograms per capita per year of beef, pork, chicken and mutton respectively, while Japan 
consumes 7.0, 15.0, 13.4 and 0.1 kilograms per capita per year of beef, pork, chicken and mutton 
respectively (OECD, 2014) 
Meat demand has not shown a steady upward throughout the time. It has been fluctuating 
due to a growing concern about the health and safety of food, also known as food scare problems. 
A food scare is an incident of widespread public anxiety about the food supply, especially 
concerning contamination. It can cause a sudden disruption to food supply chains as well as to 
food consumption patterns. Public awareness of food scares increased worldwide during the past 
two decades, with highly publicized cases of foot-and-mouth disease (FMD) and bovine 
spongiform encephalopathy (BSE) outbreaks reported in EU, US, Canada, Japan, and other 
regions. Food scares are one of the few shocks that can abruptly eliminate an entire nation from 
export markets. Such events have both short-run and long-run impacts on consumer preferences 
(Saghaian et al., 2007). They have far-reaching impacts: an outbreak in one country can dictate the 
demand pattern of the other countries. For instance, when BSE and its association with a human 
disease called Creutzfeldt-
Kingdom (UK), there was an immediate collapse in the consumption of beef in the following 
month by 40% in the country. The incidence of BSE in the UK has also impacted the demand in 
other countries such as Germany and Italy, which had no reported cases of BSE at the time (DTZ 
Pieda Consulting, 1998). It is also important to understand the negative spillover effect of the food 
scare crises on other agricultural products from the same country. The outbreak of BSE in 
December 2003 in the US led some Japanese consumers to refrain from buying not only US beef 
but also other agricultural products from the US (Ishida et al., 2012). The publicity of the BSE 
produced a shift of consumer spending from red to white within meat items during the 1990s 
(Fousekis and Revell, 2004). 
There are various previous research outputs where demand for food, meat in particular, 
has been frequently estimated. Baharumshah and Mohamed (1993), Burki (1997), Osho and 
Uwakonye (2003), Taljaard et al. (2004), Wadud (2006) and Zhou (2015) are a few among those 
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estimated demand for meat in different countries using Linear Approximated Almost Ideal 
Demand System (LA/AIDS) model with the effect of traditional economic variables (price and 
expenditure). Adetunji and Rauf (2012), Basarir (2013), Cupák et al. (2015), Dhraief et al. (2013), 
Jung and Koo (2002), Lee (2000), Millán (1994), Nayga (1994), Prasad (2010), Salvanes and 
Devoretz (1997) and Tonsor et al. (2010) estimated demand for food with the incorporation of 
various demand shifting variables like taste, religion, socio-economics, demographics, region, 
season, household dynamics and media information in addition to traditional economic variables. 
The impacts of food scares by Lloyd et al. (2001). The effects of trade agreements on the demand 
for beef in particular and the demand for meat in general by Hayes et al. (1990), Kawashima and 
Sari (2010), Matsuda (2014), Mori and Lin (1990), Takahashi and Maeda (2018), and Wahl et al. 
(1991). 
However, with regards to beef demand analysis in Japan from various perspectives has 
been conducted by Dinku and Matsuda (2017; 2018; 2019). This thesis intends to provide a 
comprehensive demand system analysis of meat demand in Japan taking in to consideration 
various factors such as expenditure and price changes, demographic, seasons, regions food scares 
(BSE and FMD) and bilateral trade agreements, Such as Japan-Australia Economic Partnership 
Agreement (JAEPA) and Japan-US Free Trade Agreement (JUSFTA).  
1.2.  Overall Study Objectives 
In Japan food, meat in particular, is used for different purposes apart from eating. There 
are various factors that influence the demand for meat in Japan. Economic, demographic, time 
trend, regional and seasonal characteristics should be considered for a better understanding of the 
depth and breadth of demand for meat in Japan. There are other reasons why we are motivated to 
estimate the demand for meat and seafood in Japan; the country is among the top meat importing 
countries in the world, Japan is home 
clear variation in the consumption pattern among regions with different geographical locations as 
well as strong and noticeable demographic shifts. In addition, food scares, non-economic demand 
shifters such as BSE and FMD, are playing significant in the demand for meat, particularly beef. 
The studies show that each of the food scares has different degrees of impact on the demand for 
beef. Since the beef consumption in Japan is increasing over time, it is always important to 
investigate the factors that responsible for the demand shift. Also, the impacts of the JAEPA and 
JUSFTA trade deals is huge on the demand for beef in Japan. 
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The main objectives of the thesis are as follows: 
i. To determine the Economic, demographic, time trend, regional and seasonal effects 
on the demand for gift food. 
ii. To evaluate the effects regional differences on the demand for meat and seafood. 
iii. To estimate the impacts of food scares, BSE and FMD, in Japan, and to see the 
extent to which these effects have spill over to other meats. 
iv. To estimate the effects of the public holidays, Golden Week, Bon, end and 
beginning of the year, months and days of the week on the demand for meat. 
v. To estimate the impacts of Japan-Australian EPA and Japan-US FTA on the 
demand for domestically produced beef items Wagyu beef, crossbred beef and 
dairy beef.  
The idea of choosing the study to be in Japan is reasonable since the data from Family 
Income and Expenditure Survey (FIES), Agriculture and Livestock Corporation Industries (ALIC) 
and Trade Statistics of Japan are very reliable
. Japan is one of the developed OECD member countries, with low meat consumption per 
capita. However, in recent times, Japan is also the country in which meat consumption is growing 
at a very fast rate due to various factors. 
The novelty of this thesis is estimating the demand of food gift-giving using household 
quantitative data in Japan, estimating the effects of the regional differences on the demand for meat 
and seafood in Japan, the negative impacts of the food scares (BSE and FMD) on the demand for 
beef, and its spillover effects on the other meat items. Moreover, estimating the impacts of the 
Japan-Australia EPA and Japan-US FTA on the demand for disaggregated domestically produced 
beef Wagyu beef, crossbred beef and dairy beef, and imported US beef as well as Australian beef. 
Therefore, as far as our knowledge is concerned, this study is the first to estimate the impacts of 
the above factors on the demand for meat, beef in particular, in Japan. 
1.3.  Materials and Methodology 
however, there exists a series of independent cross sectional data in which household surveys are 
carried out every month.  New samples of cross-section are drawn each quarter so the individual 
households cannot be traced over time. Deaton (1985) suggests that the use of pseudo panel data 
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is an alternative econometric method for estimating demand models of individual household 
behavior. Therefore, since micro data is not available in the Family Income Expenditure Survey 
of Japan, the aggregate micro data has been used in this study. All the price and expenditure data 
are deflated using Consumer Price Index (CPI). Daily and monthly aggregated pseudo panel data 
for two or more person households were used. These data and CPI are published by the Statistics 
Bureau, Ministry of Internal Affairs and Communications of Japan. There are also other data 
sources, the quantity and wholesale prices of both imported and domestic beef items are published 
by the Agriculture and Livestock Industries Corporation, and the data for the quantity of exported 
Japanese beef is published by the Trade Statistics of Japan. In our data, there various non-economic 
factors, such as regions, seasons, time trend, months, days of the week, public holidays 
(observances), Golden Week, Bon, and end and beginning of the year as well as BSE and FMD 
are aimed to be estimated for their impacts on the demand for beef in particular and food in general. 
However, there are couple of limitations in our data, for instance lack of data for other demographic 
groups such as gender, age and race. In addition, the omission of the data of Fukushima (April and 
May 2011) as a result Great East Japan Earthquake. SHAZAM econometrics software was applied 
for our model. 
The econometrics models that have been chosen for this study are the almost ideal demand 
system (AIDS) and Engel Curve models. The AIDS is a consumer demand model (Deaton and 
Muellbauer, 1980). It is a versatile system capable of studying various aspects of food demand. 
However, the AIDS model has difficulty of capturing the effects of non-linear Engel curve because 
it has budget share equations that are linear in the logarithm of expenditure. The quadratic form of 
the AIDS model (QUAIDS), which was first developed by Banks, Blundell, and Lewbel (1997), 
is not only more versatile in modelling consumer expenditure, but also it restores the relevant 
properties of AIDS. In this study, we included demand shifters such as demographic variables, 
monthly and regional dummy variables. The demand shifters are incorporated in a manner that 
maintains theoretical properties of the model. The estimated demand system must be closed under 
unit scaling (CUUS) (Alston, Chalfant, and Piggott, 2001). With the inclusion of the demand 
shifters, the original nonlinear QUAIDS does not fulfill the property of CUUS. The linear version 
(LA/QUAIDS), which was developed by Matsuda (2006), embraces the characteristics of CUUS 
even with demand shifters. Therefore, we employed the LA/QUAIDS. 
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In addition, An Engel curve, which describes how expenditure relates to the demand for 
a particular good/service holding the price fixed, is employed. Working (1943) finds the tendency 
for the proportion of expenditure devoted to food decreases in an arithmetic progression as total 
expenditure increases in a geometric progression. This relationship applies for families of every 
size, occupation, and community. At an individual level, as total expenditure per person increases, 
the proportion of an expenditure devoted to food decreases. Leser (1963) investigates various 
forms of Engel functions that are satisfying the additivity criterion. He suggests that a form of 
relationship used by Working (1943) has great advantageous. 
However, the Working-Lesser Engel curve has difficulty in capturing non-linear effects 
of expenditure because it has a budget share equation that are linear in the logarithm of 
expenditure. Analysis of the household budget surveys have pointed to more curvature in the Engel 
curve relationship than which is permitted by the standard Working-Lesser form. The appropriate 
form that can support generalization in the shape of Engel curve relationship is shown by a 
is used in Banks et al. (1997), restores the relevant properties of its linear counterpart and allows 
more flexibility in expenditure change. 
1.4.  Structure of the thesis 
This thesis is divided into six chapters; chapter one reports about introduction of the 
thesis. Chapter is about demand for food gift-giving in Japan. Chapter three reports regional effects 
on the demand for meat in Japan. Chapter four evaluates the impact of the BSE and FMD outbreaks 
on meat demand: an Engel curve analysis of Japanese daily data. Chapter five presents effects of 
bilateral trade agreements on the demand for beef in Japan: the case of Japan-Australia EPA and 






CHAPTER 2: Demand for Food Gift-Giving in Japan 
This chapter presents food gift-giving in Japan. Gift-giving is a social, cultural and 
economic practices that are prevalent across all cultures and societies around the world. Gift 
exchanges play important roles in connecting and integrating societies. The benefits of gift 
exchanges, which extend beyond the economic use, have been analyzed by several authors 
(Hollenbeck, Peters, and Zinkhan, 2006; Komter and Vollebergh, 1997; Sherry, 1983; 
Wolfinbarger and Gilly, 1996). Weddings, births, funerals, birthday parties, Christmas, 
welcome or farewell parties, graduations, anniversaries, Thanksgiving Day, White Day, o-
(mid-year gift) and o-seibo (year-end gift) are some of the familiar gift-exchange occasions (Belk, 
1975; Fischer and Arnold, 1990; Kimura and Belk, 2005; Netemeyer, Andrews, and Durvasula, 
1993; Otnes and Ruth, 1994; Rucker, Freitas, and Dolstra, 1994; Yau, Chan, and Lau, 1999). White 
Day, o- -seibo 
White Day (March 14) are celebrated in a unique style. Valentine's Day in Japan is when women 
give gifts to men, and White Day is when men give gifts to women. 
In Japan, as in many parts of the world, the gift-giving is extremely important, and a 
common part of Japanese culture. It is not only an integral part of personal relationship building 
but also essential for building person-to-corporate relationships. It extends beyond holidays and 
special occasions (United States Department of Commerce, 2015). Japanese invest a substantial 
amount of money on gift-giving (Rupp, 2003). Befu (1964) stated that food is considered the 
traditional type of gift in Japan. Japanese buy luxury food seasonally as gifts for family, friends, 
or colleagues. The country has various regional cuisines and food specialties such as fruits, 
vegetables, seafood and beef. Even though most of the local products are now available 
nationwide, products that have specific local features and limited scale of production can let the 
products retain a luxury status (Frost and Sullivan, 2015). Gift-giving has changed in many 
different ways. Possible gifts as well as gift-giving occasions have been diversified but overall gift 
expenditure has declined (Minowa et al., 2011). The decline of gift expenditure is in part due to 
change of gift-giving practice over time. Previously dominant gift food items and markets are 
largely attributable to older Japanese. Seasons have tremendous effects on demand because of the 
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seasonal nature of the gifts. Both corporate and personal gift-giving seasons are predominantly 
around mid-year (summer) and end of the year (Rupp, 2003).  
The topic of gift-giving has gained importance in the field of consumer behavior (Beatty 
et al., 1991; Camerer, 1988; Green and Alden, 1988; Carroll et al., 2005; Minowa and Gould, 
1999; Ward and Tran, 2007). Most of the studies have employed qualitative data. However, very 
few studies, such as Camerer (1988) and Carroll et al. (2005), have employed quantitative data for 
the gift and charity-giving studies using double-hurdle model. Economic, demographic, time trend, 
regional and seasonal characteristics should be considered for a better understanding of the depth 
and breadth of demand for gift food in Japan using quantitative data. As far as our knowledge is 
concerned, this study is the first to use household quantitative data for the gift-giving demand 
estimation in Japan. The study will contribute to the growing research on gift exchange. It will 
also provide empirical evidence which could be helpful as a reference for policy and business 
evaluations. The next sections of the chapter are discussion of data and model part, and followed 
by a discussion of empirical results. Finally, it offers some concluding remarks. 
2.1.   Data and Model 
This study uses monthly aggregated pseudo panel data for two or more person households 
for 52 major cities in Japan for the period from January 2000 through December 2017. In total, a 
sample of 10,884 observations. However, the sample size reduces to 10,882 due to the omission 
of the two observations of Fukushima (April and May, 2011) as a result of the Great East Japan 
Earthquake. The data are available only from January 2008 to December 2017 for Hamamatsu and 
Sakai cities, and from January 2013 to December 2017 for Sagamihara city. Our expenditure data 
include food consumed in the household and gift food. It also incorporates eating-related 
entertainment to a small degree, f and 
inviting others to eating out are included. The data are from Family Income and Expenditure 
Survey (FIES) and Consumer Price Index (CPI), both published by the Statistics Bureau of the 
Ministry of Internal Affairs and Communications of Japan.  
Considering changes in the prices, all expenditure data for cereals, seafood, meat, 
milk/eggs, vegetables, fruits, confectioneries, cooked food, beverages, alcohol and eating out were 
deflated using the CPI. The iterative seemingly unrelated regression was used to estimate the 
system of twelve equations. This study employs two types of dummy variables into the demand 
system, namely, monthly dummy variables to see seasonal variations for food gift-giving and city 
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dummy variables to see the effects of 52 major cities on the demand for gift food. Tokyo is 
considered the baseline city. Demographic variables are also incorporated in to our data set to see 
-giving behavior. The demographic variables include the number 
of persons per household (household size, z1), the number of persons under the age of 18 in the 
household (number of minors, z2), the number of persons over the age of 65 in the household 
(number of seniors, z3), and the number of earners in the household (number of earners, z4).  
The Almost Ideal Demand System (AIDS) is a consumer demand model (Deaton and 
Muellbauer, 1980). It is a versatile system capable of studying various aspects of food demand. 
However, the AIDS model has difficulty of capturing the effects of non-linear Engel curve because 
it has budget share equations that are linear in the logarithm of expenditure. The quadratic form of 
the AIDS model (QUAIDS), which was first developed by Banks et al. (1997), is not only more 
versatile in modelling consumer expenditure, but also it restores the relevant properties of AIDS. 
In this study, we included demand shifters such as demographic variables, monthly and regional 
dummy variables. The demand shifters are incorporated in a manner that maintains theoretical 
properties of the model. The estimated demand system must be closed under unit scaling (CUUS) 
(Alston et al., 2001). With the inclusion of the demand shifters, the original nonlinear QUAIDS 
does not fulfill the property of CUUS. The linear version (LA/QUAIDS), which was developed by 
Matsuda (2006), embraces the characteristics of CUUS even with demand shifters. Therefore, we 
employ the LA/QUAIDS. 
According to Matsuda (2006), the LA/QUAIDS equation is put as: 
                                           (1) 
where wi is the share of expenditure allocated to good i, y is the total expenditure on all the goods 
in the system, pj is the price of good j i, i, ij and i are parameters to be estimated. PC is the 
loglinear analogue of the Laspeyres price index and shown as: 
                                                                                                               (2) 
PC is invariant to changes in units.  stands for the sample mean. We apply index PZ as proposed 
by Matsuda (2006): 
                                                                                                     (3) 
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where PZ could be seen as a zero degree homogenous analogue of 
also invariant to changes in units.  
We included the effects of time trend, demographics, cities and months as regressors in 
the empirical model. Our empirical model of the LA/QUAIDS is, therefore, specified as: 
          (4) 
where t indicates the time trend, zk are demographic variables, Dm are monthly dummy variables 
and Mr are city dummy variables. 
To be consistent with economic theory, parameters of demand equations must satisfy 
adding up, homogeneity and Slutsky symmetry restrictions as follows: 
                                                                                        (5) 
                                                                   (6) 
                                                                                                              (7) 
                                                                                                                     (8) 
Expenditure, uncompensated and compensated price elasticities are calculated as: 
                                                                                                 (9) 
                                          (10) 
 (Slutsky Equation)                                                                      (11) 
Monthly rates of shift (%/month) are calculated as: 
                                                                                          (12) 
Demographic effects (%/person), seasonal (monthly) effects (%) and regional (city) effects (%) 
are calculated in the same way, replacing t with zk, Dm, Mr. 
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2.2.   Empirical Results 
 
Table 2.1 reports the estimates of expenditure and uncompensated price elasticities at the 
mean share. All expenditure elasticities are positive and significant at the 1% level. Our empirical 
model is a conditional demand system. Expenditure is just for food. Most of the gift food categories 
are relatively expenditure elastic, while a few of them such as milk/eggs (0.684), confectioneries 
(0.569) and cooked food (0.860) are expenditure inelastic. To be more precise, the expenditure 
elasticities for fruits (1.506) and oils/fats (1.330) are the most elastic. As for the -
- food, seafood (1.021), fruits (1.114), beverages (1.013), alcohol 
(1.316) and eating out (1.448) are expenditure elastic, while seven of the twelve categories are 
expenditure inelastic. The results clearly show that gift food categories are relatively more 
expenditure elastic than regularly consumed food. Uncompensated price elasticities contain both 
income and substitution effects. All the uncompensated own-price elasticities are negative, and 
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most of them are statistically significant. Oils/fats gift (-1.465) is the most own-price elastic. This 
means that oils/fats gift is relatively sensitive to its own price changes. This result is sensible as 
cooking oil gifting is a long-standing tradition among the Japanese. As for the home-use food, all 
food categories are own-price inelastic. Among the estimates of 132 uncompensated cross-price 
elasticities, 22 pairs are significant gross substitutes for gift food categories, whereas 25 pairs are 
found to be significant gross complements. For home-use food categories, 40 pairs are significant 
gross substitutes, while 58 pairs are found to be significant gross complements.  
 
Table 2.2 presents estimates of compensated price elasticities at the mean share. 
Compensated price elasticities are reduced to contain only the substitution effects. They are 
compensated for the income effects of the price changes.  All twelve compensated own-price 
elasticities are negative and most of them are statistically significant. Seafood (-1.095), vegetables 
(-1.057), oils/fats (-1.442), beverages (-1.212) and alcohol (-1.100) are relatively own-price elastic 
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for the gift food categories, whereas none of the home-use food categories are own-price elastic. 
The difference in own-price elasticities of gift-use and home-use food categories is due to the 
demanded quantity difference. As for compensated cross-price elasticities, 19 pairs are significant 
substitutes and five pairs are significant complements for the gift food categories. Meat has the 
most number of substitute pairs. For home-use food categories, 52 pairs are substitutes and three 
pairs are complements. Seafood and meat have the most substitute pairs. Substitute pairs are 
dominant for both gift and home-use food categories, which is consistent with the theory of Hicks 
(1946). 
 
Table 2.3 reports the estimates of monthly rates of shift and demographic variables at the 
mean share. The linear time trend has significant effects on most of the food categories, i.e. ten of 
the twelve for gift and eleven of the twelve for home-use food categories. For the gift food 
categories, as the time goes by, demand for meat (0.097%), milk/eggs (0.176%), cooked food 
(0.155%) and eating out (0.072%) increases, while demand for seafood (-0.136%), vegetables (-
0.173%), fruits (-0.046%), confectioneries (-0.026%), beverages (-0.092%) and alcohol (-0.136%) 
decreases. As for the home-use food, demand for meat (0.07%), oils/fats (0.04%), confectioneries 
(0.055%), cooked food (0.070%), beverages (0.128%) and eating out (0.053%) increases, while 
demand for cereals (-0.028%), seafood (-0.227%), vegetables (-0.055%), fruits (-0.106%) and 
alcohol (-0.019%) decreases. When the family size increases, the effect on demand for cooked 
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food gift (18.781%) is positive, while it is negative on invitation to eating out (-14.368%).  As for 
home-use food, an increase of family size has positive effects on demand for eight of the twelve 
categories, whereas it has negative effects on demand for three of the twelve categories. When 
there are more minors in the household, demand for cooked food gift (-16.651%) is negative, 
whereas minors have significant effects on eleven of the twelve home-use food categories. From 
the real life point of view, especially the effects on demand for milk/eggs home-use is reasonable 
because children usually tend to consume more milk due to its nutritional values and health 
benefits. When the number of seniors increases, demand for seafood (22.210%) and vegetables 
(22.569%) gifts is positive, while demand for confectioneries (-5.087%), beverages (-18.805%) 
and alcohol (-15.985%) gifts is negative. As for the home-use food, the number of seniors has 
significant effects on demand for ten of the twelve food categories with the exception of cereals 
and meat. As the number of earners in the household increases, demand for invitation to eating out 
(13.906%) is positive, while demand for cooked food gift (-14.229%) is negative. This is probably 
true because earners may prefer inviting people to eating out as an entertainment over gifting a 
cooked food. As for home-use, the number of earners has significant effects on eleven of the twelve 
food categories.   
 
Estimates of regional effects at the mean share are reported in Table 2.4. The cities are 
located almost at the center of Japan. Tokyo is used as the baseline city. Regions have significant 
effects on demand for the gift food categories, predominantly seafood, meat, vegetables and 
confectioneries as well as invitation to eating out. For instance, demand is high for gift meat 
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(77.160%) in Kobe. This makes sense that western part of Japan, particularly Kobe, is known for 
its beef. Demand is high for fruits (24.647%) in Sapporo
neighbor prefectures, such as Aomori, Iwate and Akita are famous for the production of various 
fruits. As for the vegetables (66.875%), demand is high in Kyoto presumably because of supply 
of vegetables originating in Kyoto prefecture also known as Ky -yasai.  
 
The effects of seasons on the gift food categories are reported in Table 2.5. Seasons have 
significant effects on almost all the twelve food categories. Demand for the food categories is 
positive in a number of months. The effects of seasons are particularly high in September for 
cereals (64.568%) and fruits (111.020%), and similarly high in October for cereals (116.470%) 
and fruits (57.368%). These results seem reasonable due to the harvest of rice and various fruits 
during the autumn season. In the past, there had been a pervasive Japanese custom of giving a 
freshly harvested crop to neighbors and relatives (Befu, 1968). As far as confectioneries are 
concerned, demand is high in February (23.472%) and March (27.987%), this can be attributed to 
Invitation to eating out is the highest 
in May (6.287%)
late April up to early May every year. With the exception of confectioneries, cooked food and 
eating out, all gift food categories are positively demanded in mid-year and end-year periods. 
During these seasons, o- -seibo are among the most popular gift-giving occasions. 
Food is considered as the traditional gift for the occasions (Befu, 1968). Moreover, most Japanese 
employees receive substantial bonuses twice a year, i.e. in summer (mostly June and July) and at 
end of the year (Freeman and Weitzman, 1987).  
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2.3.   Conclusion 
In this study, a comprehensive demand system, LA/QUAIDS, is employed to estimate 
demand for twelve food categories for gift-use and home-use, respectively in Japan. The calculated 
expenditure elasticities show that nine of the twelve gift food categories are expenditure elastic, 
while only seafood, fruits, beverages, alcohol and eating out are expenditure elastic for home-use 
food categories. This suggests that gift food is relatively more luxurious than food that is routinely 
consumed in a household. As for compensated own-price elasticities, seafood, vegetables, oils/fats, 
beverages and alcohol are relatively own-price elastic for gift food categories, whereas none of the 
home-use food categories are own-price elastic. Majority of the compensated cross-price 
elasticities are positive and small in magnitude (below unity) for both gift and home-use food 
categories, suggesting that most of the pairs are substitutes but the competition among the 
substitutes is not very strong. Moreover, the signs of some compensated cross-price elasticities are 
different from those of uncompensated cross price elasticities, implying that income effects are 
also very important for decision making for a Japanese household. The linear time trend has small 
but significant effects on the vast majority of gift and home-use food categories. Demographic 
variables are found to be very determinant in a Japanese household for the food that is regularly 
consumed. The results clearly show that demographic variables have significant effects more on 
the home-use food categories than gift food categories. Similarly, there are also regional effects 
on the quantity demanded for gift food categories because Japan has various regional cuisines and 
food specialties. As a case in point, demand for meat gift is high in Kobe supposedly as a result of 
famous brand called Kobe beef. In a similar manner, vegetable gifts are also popular in Kyoto 
because of the supply of vegetables originating in Kyoto prefecture also known as -yasai. 
The seasonal effects on a gift-giving and household consumption for food categories have 
implications for policy. Our results reveal that the pattern of seasonal effects is clear on the gift 
food categories. The findings have significant implications for the gift food market in particular. 
For instance, rice and fruits suppliers can give much attention during harvest seasons because 
demand for rice and fruits is high due to newly harvested gift crops. Confectioneries demand is 
During 
summer and end-year seasons, demand for the majority of the food categories is higher than other 
seasons, because food gift giving is major part of Japanese tradition of o- -seibo.  
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Therefore, to the best our knowledge, our paper is the first to provide the empirical 
evidence for the practice of gift-giving in Japan. The results are useful not only for researchers as 







CHAPTER 3: Regional Effects on the Demand for Meat in Japan 
 
This chapter presents an estimation of the demand of eight food items (beef, pork, 
chicken, ham, sausage, bacon, fresh seafood and processed seafood) with the incorporation of 
major city effects along with other demand shifting variables. Meat consumption, beef in 
particular, does not have a long history in Japan due to a dietary ban on the eating of flesh from 
four-legged animals before the Meiji Restoration (Kiple and Ornelas, 2000). Beef consumption 
was restricted on religious grounds. However, there has been gradual changes for years and 
eventually meat products have become important food items in the Japanese diets. The opening of 
Removal of the longstanding social taboo against the eating of meat became a symbol of this 
integration. Particularly, ever since Japan had started westernization, its food consumption pattern 
have undergone dramatic changes, and consumption of meat and poultry products has been getting 
more important in the Japanese diet as the diets have become more westernized as a result of 
income per capita increase (Chern et al., 2002). 
In 1988 under pressure from the United States, Australia and Canada, Japan had agreed 
to slowly open its beef market. Analysis of the agreement, Beef Market Access Agreement 
(BMAA), indicates that lifting of trade barriers and subsequent reduction in prices could result in 
a substantial increase in beef consumption in Japan. The dramatic price changes in beef have also 
influenced the prices and consumption levels of all meats and meat substitutes (Wahl et al., 1991). 
After meat market liberalization, its per capita consumption trend has been steady upward for 
years. However, compared with other developed countries, per capita consumption of Japan is still 
very low. For instance, as a developed and top meat per capita consumer, Australia consumes 21.6, 
20.1, 39.6 and 9.0 kilograms per capita per year of beef, pork, chicken and mutton respectively, 
while Japan consumes 7.0, 15.0, 13.4 and 0.1 kilograms per capita per year of beef, pork, chicken 
and mutton respectively (OECD, 2014). 
consumer of fish and fishery products. Japanese households used to spend more on seafood than 
on beef, pork and chicken combined but seafood consumption is declining year by year (Statistics 
Japan, 2014).  
From Japanese meat consumption trend history, meat consumption share has been 
affected by political decrees, social taboos, and income and relative price changes. However, there 
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are also other very complex forces that might be influencing meat consumption pattern in the 
Japanese households. It appears possible that changing of demographics, taste, quality, food safety, 
linear time trend and variation among the regions as well as seasons can also be important factors 
that can change demand for meat and seafood. More importantly, due to stagnating per capita 
income and stable prices, demand analysis incorporating only traditional economic variables in the 
demand system may not have power to predict the future food consumption in Japan (Mori and 
Clason, 2004).  
In this paper, we mainly focus on the effects of regional differences on the demand for 
meat and seafood in the Japanese households. Even though the influence of demographic changes 
and rising of modern eating habits are changing consumption patterns, there are reasons to believe 
that regional differences do still exist and play important role in influencing demand for food, 
demand for meat and seafood in particular. In addition, meat production is also different from 
region to region due to agro-ecological differences and availability of the resources are also not 
evenly the same among all the regions. Thus, these facts may in turn dictate consumption pattern 
and impact the meat consumption among regions of Japan.   
There are various previous research outputs where demand for food, meat in particular, 
has been frequently estimated. Baharumshah and Mohamed (1993), Burki (1997), Osho and 
Uwakonye (2003), Taljaard et al. (2004), Wadud (2006) and Zhou (2015) are a few among those 
estimated demand for meat in different countries using Linear Approximated Almost Ideal 
Demand System (LA/AIDS) model with the effect of traditional economic variables (price and 
expenditure). Adetunji and Rauf (2012), Basarir (2013), Cupák et al. (2015), Dhraief et al. (2013), 
Jung and Koo (2002), Lee (2000), Millán (1994), Nayga (1994), Prasad (2010), Salvanes and 
Devoretz (1997) and Tonsor et al. (2010) estimated demand for food with the incorporation of 
various demand shifting variables like taste, religion, socio-economics, demographics, region, 
season, household dynamics and media information in addition to traditional economic variables. 
Out of the above literatures, the effects of regions on the demand for food were emphasized by 
Adetunji and Rauf (2012), Cupák et al. (2015), Millán (1994), Nayga (1994), and Salvanes and 
Devoretz (1997). 
The aforementioned studies, that included the effects of regions in their demand system, 
were conducted using data of other countries than Japan. Capps et al. (1994) estimated the demand 
for meat in Japan using the Rotterdam Model. Wahl et al. (1991, 1992) and Yang and Koo (1994) 
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also estimated the demand for meat in Japan using the AIDS model. Ishida et al. (2010), Matsuda 
(2014), and Peterson and Chen (2005) included the effect of bovine spongiform encephalopathy 
(BSE) on meat demand in Japan. However, none of them considered the impact of regions on the 
demand for meat and seafood except Wessells and Wilen (1994), who estimated the demand 
elasticities of seafood by categorizing the households to three regions; average Japanese 
households, northern Japanese households and southern Japanese households. Therefore, to our 
knowledge there are few studies in Japan that estimated the demand for meat and seafood with the 
effects of regional differences in detail. Therefore, estimating demand for meat and seafood with 
the incorporation of regional differences is reasonable as the data from Family Income and 
Expenditure Survey (FIES) are very reliable. There are several reasons why we are motivated to 
estimate the demand for meat and seafood in Japan; the country is among the top meat importing 
countries in the worl
clear variation in the consumption pattern among regions with different geographical locations as 
well as strong and noticeable demographic shifts.  
This paper aims to estimate the demand of eight food items (beef, pork, chicken, ham, 
sausage, bacon, fresh seafood and processed seafood) with the incorporation of major city effects 
along with other demand shifting variables into the linear approximated quadratic almost ideal 
system (LA/QUAIDS; Matsuda, 2006) in addition to traditional economic variables. The results 
might be useful for the meat and seafood producers, importers, stakeholders and policy makers. 
The data and model is shown in the next section, and followed by empirical results and the 
conclusion. 
3.1.  Data and Model 
however, there exists a series of independent cross sectional data in which household surveys are 
carried out every month.  New samples of cross-section are drawn each quarter so the individual 
households cannot be traced over time. Deaton (1985) suggests that the use of pseudo panel data 
is an alternative econometric method for estimating demand models of individual household 
rther extend the approach of Deaton (1985) to 
nonlinear and dynamic models. In our study, therefore, monthly aggregated pseudo panel data is 
used for two or more person households for 49 major cities from January 2000 through December 
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2014, yielding a sample of 8,820 observations. However, the sample size reduces to 8,818 due to 
the omission of the two observations of Fukushima (April and May, 2011) as a result of the Great 
East Japan Earthquake. The data is from Family Income and Expenditure Survey and Consumer 
Price Index, both published by the Statistics Bureau of the Ministry of Internal Affairs and 
Communications.  
The nominal prices and expenditure were deflated using the general consumer price index. 
The iterative seemingly unrelated regression was used to estimate the system of eight equations. 
Monthly, city and BSE dummy variables are included in the demand system. To see the effects of 
49 major cities on the demand for meat and seafood, Tokyo is considered the baseline city. Our 
data set also incorporates demographic variables which are very important and influence the 
household demand for the food items. The demographic variables used in this study are the number 
of persons per household (household size, z1), the number of persons under the age of 18 in the 
household (number of youngsters, z2), the number of persons over the age of 65 in the household 
(number of seniors, z3), and the age of the head of the household (age of the head, z4). In order to 
check the correlation among z1, z2 and z3, we calculated the variance inflation factors (VIF). The 
results justify the use of these demographic variables because the maximum value of the VIF is 
2.057 (<< 10), which indicates that there is no multicollinearity. In addition, the linear time trend 
is also included in the data set. 
Deaton and Muellbauer (1980) combined the translog and Rotterdam models into the 
almost ideal demand system (AIDS), which has the best properties of the two. The AIDS is a 
versatile system capable of studying various aspects of food and its various components. On the 
contrary, the AIDS model has difficulty of capturing the effects of non-linear Engel curve because 
it has budget share equations that are linear in the logarithm of expenditure. The quadratic form of 
the AIDS model (QUAIDS), which was first developed by Banks et al. (1997), however, restores 
the relevant properties of its linear counterpart (AIDS) system and allows flexible quadratic Engel 
curves as well as retains integrability. By introducing the quadratic expenditure, the model gains 
more flexibility in which it positively contributes to the quality of model outputs. In our study, 
variables other than prices and expenditure, which are called demand shifters, such as time, 
demographic variables, and seasonal, regional and BSE dummy variables are included in the 
demand system. The demand shifters are incorporated in a manner that maintains theoretical 
properties of the model, and the estimated demand system must be closed under unit scaling 
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(CUUS; Alston et al., 2001). With the demand shifters the original nonlinear QUAIDS does not 
fulfill the property of CUUS. The LA/QUAIDS was developed by Matsuda (2006), as it embraces 
the characteristics of CUUS even with demand shifters. The comprehensiveness and advantage of 
the LA/QUAIDS was clearly depicted in Yohannes and Matsuda (2015, 2016). Therefore, we 
employ the LA/QUAIDS. The variation of expenditure in our pseudo panel data is smaller than 
micro data but larger than time series data. In addition, the Wald test on our data rejects the linear 
approximate AIDS (LA/AIDS) against the LA/QUAIDS at the 1% significance level. 
According to Matsuda (2006), the LA/QUAIDS equation is put as: 
                                          (1) 
where wi is the share of expenditure allocated to good i, y is the total expenditure on all the goods 
in the system, pj is the price of good j i, i, ij and i are parameters to be estimated. PC is the 
loglinear analogue of the Laspeyres price index and shown as: 
                                                                                                                (2) 
PC is invariant to changes in units.  stands for the sample mean. We apply index PZ as proposed 
by Matsuda (2006): 
                                                                                                      (3) 
where PZ 
also invariant to changes in units.  
We first included the cross effects of cities and months as regressors in the empirical 
model, but the estimated coefficients of the cross effects are not significant. Our empirical model 
of the LA/QUAIDS is, therefore, specified as: 
                                                                                                                                          (4) 
where t indicates the time trend, zk are demographic variables, Dm are monthly dummy variables, 
Mr are city dummy variables and Sb are BSE dummy variables. We include Sb to estimate the effects 
of the BSE outbreak in Japan (September 2001) and set it based on preliminary estimations. 
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To be in line with economic theory, parameters of the demand equations must satisfy 
adding up, homogeneity and Slutsky symmetry restrictions as follows: 
                                                                                      (5) 
                                                               (6) 
                                                                                                                  (7) 
                                                                                                                       (8) 
Expenditure and uncompensated and compensated price elasticities are calculated as: 
                                                                                               (9) 
                                          (10) 
 (Slutsky Equation)                                                                          (11) 
Monthly rates of shift (%/month) are calculated as: 
                                                                                        (12) 
Demographic effects (%/person, %/year old), seasonal (monthly) effects (%), regional (city) 
effects (%) and BSE effects (%) are calculated in the same way, replacing t with zk, Dm, Mr or Sb. 
When the effect of household size z1, the number of youngsters z2 or the number of seniors z3 is 
calculated, it is implicitly assumed that the number of persons aged 18 to 65 in the household 




3.2.  Empirical Results 
 
Descriptive statistics of variables are used to provide simple summaries of the sample and 
shown in Table 3.1. Fresh seafood (0.329) and processed seafood (0.223) have the highest 
expenditure shares at the mean, while bacon (0.015), ham (0.035) and sausage (0.043) have the 




Table 3.2 reports expenditure and price coefficients of equation (4). The sign and 
magnitude of the estimated coefficients do not have straightforward economic interpretation, but 
they are the basis for estimation of elasticities. The log own-price coefficients for all items except 
ham and bacon are significant. For the log expenditure, all items are significant. For the quadratic 
log expenditure, all items except pork and chicken are significant. The R2 ranges from 0.545 to 




Table 3.3 reports the estimates of expenditure and uncompensated price elasticities at the 
mean share. All the expenditure elasticiticies are positive and significant at the 1% level. Beef, 
ham, fresh seafood and processed seafood are expenditure elastic, whereas pork, chicken, sausage 
and bacon are expenditure inelastic. Uncompensated price elasticities contain both the income and 
substitution effects. All the uncompensated own-price elasticities are negative and significant at 
the 1% level. Sausage (-1.242) is own-price elastic and relatively sensitive to its own-price 
changes, while beef (-0.779), pork (-0.888), chicken (-0.473), ham (-0.881), bacon (-0.970), fresh 
seafood (-0.932) and processed seafood (-0.939) are own-price inelastic. Beef is the most 
expenditure elastic, whereas sausage is the most expenditure inelastic and the most own-price 
elastic. Among the estimates of the 56 uncompensated cross-price elasticities, 17 are significant 
gross substitutes. Capps et al. (1994) found that beef is a gross substitute for pork in Japan, showing 




Compensated price elasticities are reduced to contain only the substitution effects, which 
are compensated for the income effects on quantity demanded. Table 3.4 reports the estimates of 
compensated price elasticities at the mean share. Compensated own-price elasticities of all the 
eight items are negative and significant at the 1% level. Only sausage (-1.220) is own-price elastic, 
meaning it is responsive to its price changes. Among the estimates of the 28 pairs of compensated 
cross-price elasticities, 18 pairs are significant substitutes for each other, while 4 pairs are 
significant complements for each other. As Hicks (1946) states theoretically, substitutes are found 
dominant over complements. Fresh and processed seafood are significant substitutes for all or 




Table 3.5 reports the estimates of monthly rates of shift (time trends) and effects of 
demographic variables at the mean share. The time has significant effect on the quantity demanded 
for all of the eight items. With all other regressors kept constant, as the time goes by, the demand 
for all meat items increases, whereas the demand for fresh seafood and processed seafood 
decreases. The household size has significant effects on all the items with the exception of ham. 
As the household size increases, the demand for pork, chicken, sausage and bacon increases, while 
demand for beef, fresh seafood and processed seafood decreases. The result makes sense because 
the two most popular types of meat in Japan are pork and chicken. Even though there were embargo 
on the consumption of meat from four-legged animals, pork was not absolutely prohibited by some 
of the rulers. It depended on who had control of the government (Ishige, 2001). Therefore pork 
consumption in Japan has been around for a long time. For instance, wild boars were domesticated 
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and used both as working animals on the farms as well as for consumption. Since then, 
consumption of boar meat and later pork has been popular in Japan. On the other hand, many 
Japanese households had been growing chickens in their backyards until several decades ago. 
Therefore, consumption of chickens is also familiar in Japan. As the number of youngsters 
increases, the demand for pork, chicken, sausage and bacon increases significantly, while the 
demand for fresh seafood decreases. When the number of seniors increases, the demand for fresh 
seafood increases, while the demand for pork, chicken, sausage and bacon decreases. When the 
age of the head increases, the demand for fresh and processed seafood increases, while the demand 
for beef, pork, chicken and sausage decreases significantly.  
 
Table 3.6 reports the estimates of regional effects at the mean share. Located almost at 
the center of Japan, Tokyo is used as the baseline city. The regional effects on the demand for most 
of the items are significant in all the cities. The results reveal that there is a substantial evidence 
for the difference in meat and seafood demand between eastern and western major cities in Japan. 
In the cities located in the eastern part of Japan, that is, Sapporo, Sendai, Saitama, Kawasaki and 
Yokohama, the demand for beef is less than in Tokyo, whereas the demand for pork is more than 
in Tokyo. In the major cities located in the western part, that is, Nagoya, Kyoto, Osaka, Kobe, 
Hiroshima and Fukuoka, on the other hand, the demand for beef is more than in Tokyo, whereas 
the demand for pork is less than in Tokyo. Pork is popular in the eastern part of Japan, while beef 
and chicken are popular in the western part. In the eastern part of Japan pork is often used in niku-
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jaga and curry and rice, while beef is often used in the western part. It is said that beef is popular 
in western Japan historically because bulls were mainly used in agricultural production in the 
western part, whereas horses were mainly used in the eastern part. The difference in demand for 
bacon is similar to pork, that for chicken is similar to beef except for Yokohama, that for sausage 
is similar to pork except for Nagoya and Hiroshima, that for fresh seafood is similar to pork except 
for Saitama, Yokohama and Hiroshima, and that for processed seafood is similar to pork except 
for Yokohama. For ham the regional effect is positive in Saitama, Kawasaki, Yokohama, Nagoya 
and Kobe, whereas it is negative in Sapporo, Sendai, Kyoto, Osaka, Hiroshima and Fukouka. 
Yokohama has characteristics of both the eastern and western major cities probably because it is 
adjacent to the baseline city Tokyo. In general, our result can be supported by Wessells and Wilen 
(1994), who found out substantial diversity in patterns of household demand for different types of 
seafood across regions in Japan. 
 
Table 3.7 reports the estimates of seasonal effects on the demand at the mean share. They 
are significant at the 1% level for all items in almost all months. Beef, pork, sausage, bacon and 
fresh seafood are demanded more in all the months from January through November than in 
December, whereas the ham and processed seafood are demanded more in December than in the 
other months. However, the demand for chicken is less in July and August and more in other 
months than December. The demand for beef is the most in August, when the demand for barbecue 




Table 3.8 reports the effects of BSE outbreak in Japan (September 2001). The outbreak 
of BSE had huge negative effects on the demand for beef and the effects declined as time went by. 
The effects were positive on the demand for pork, chicken and fresh seafood, which are fresh items 
other than beef and substitutes for beef except chicken, and they also declined as time went by.  
3.3.  Conclusion 
In this study a comprehensive demand system, the LA/QUAIDS, is employed to estimate 
the demand for eight meat and seafood items in the Japanese households. The calculated 
expenditure elasticities show that beef, ham, fresh seafood and processed seafood can be 
considered as luxury items, while pork, chicken, sausage and bacon can be classified as necessity 
in the eight items.  
As for compensated own-price elasticities, all the items are inelastic with the exception 
of sausage. The own-price effects are significant in all the items. Majority of the compensated 
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cross-price elasticities are positive and small in magnitude (below unity) suggesting that most of 
the food items are substitutes, but the competition among the substitutes is not very severe. In 
addition, income effects are also very important in the Japanese household
the signs of quite a few compensated cross-price elasticities are different from those of 
uncompensated cross price elasticities.  
The time and demographic variables have significant effects on the demand for most of 
the items. As far as the regional difference is concerned, the effects on beef is opposite to pork. 
Pork is popular in major cities in eastern Japan, while beef are popular in western Japan. Chicken 
is similar to beef except for Yokohama. Sausage, bacon, fresh seafood and processed seafood are 
demanded more in the eastern part than in the western part of Japan with a few exceptions. The 
regional meat and seafood demand variation clearly reveals that there is distinct difference in 
consumption and dietary habits among the regions as there are distinct customs embedded 
historically in the individual regions. The agro-ecological variation also seems play an important 
role in providing region-specific resources, food items dominated by certain regions in particular. 
Based on the data, our results econometrically support the practical knowledge of the food 
industry, especially the industry of the items estimated in our study, about regional demand 
variation of meat and seafood products and may help the industry target production and supply 














CHAPTER 4: Evaluating the Impact of the BSE and FMD Outbreaks on 
Meat Demand: An Engel Curve Analysis of Japanese Daily Data 
 
Chapter four presents an estimation of the impacts of non-economic factors, emphasizing 
on the role of food scares, on the demand for meat. Meat demand analysis in Japan has captured 
attention of many economists. It is in part due to Japan being the nation that has likely experienced 
the most dramatic shifts in the dietary preferences. Japanese meat consumption is growing so 
quickly that it has pushed fish consumption per capita to its lowest level since the 1960s (MAFF, 
2015). Demand for the meat items has been increasing over decades as a result of westernization 
of Japanese diets. Westernization of the diets can be manifested through changes 
lifestyle and changes in food supply chains, that is, increases in the number of supermarkets and 
convenience stores. Besides, the meat market is relatively more liberal than before (Chern et al., 
2002; Wahl et al., 1991). As a case in point, residents of Tokyo, for the first time in history, are 
consuming more meat than seafood. Between 1970 and 2005, the total amount of beef and pork 
consumed within the city increased by about 160% and 90%, respectively. This popularity of meat-
centered diet and the corresponding decline in fish consumption resulted in major changes of the 
average Japanese menu (Our World, 2010). 
However, meat demand has not shown a steady upward throughout the time. It has been 
fluctuating due to a very decisive economic factors such as price, income/expenditure and tariff 
(Capps et al., 1994; Eales and Unnevehr, 1993; Wahl et al., 1992; Wahl et al., 1991; Yang and 
Koo, 1994). The impacts of non-economic factors have also been great. There are various estimates 
of meat demand with the inclusion of non-economic factors in their demand equations: health 
information, product promotion, advertisement, season, food scares, etc. (Brester and Shroeder, 
1995; Fidan and Klasra, 2005; Johnson et al., 1998; Kinnucan et al., 1997; McGuirk et al., 1995; 
Peterson and Chen, 2005; Piggott and Marsh, 2004; Tonsor and Marsh, 2007; Ward and Lambert, 
1993; Ward et al., 2002). 
There is a growing concern about the health and safety of food, also known as food scare 
problems. A food scare is an incident of widespread public anxiety about the food supply, 
especially concerning contamination. It can cause a sudden disruption to food supply chains as 
well as to food consumption patterns. Public awareness of food scares increased worldwide during 
the past two decades, with highly publicized cases of foot-and-mouth disease (FMD) and bovine 
spongiform encephalopathy (BSE) outbreaks reported in EU, US, Canada, Japan, and other 
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regions. Food scares are one of the few shocks that can abruptly eliminate an entire nation from 
export markets. Such events have both short-run and long-run impacts on consumer preferences 
(Saghaian et al., 2007). They have far-reaching impacts: an outbreak in one country can dictate the 
demand pattern of the other countries. For instance, when BSE and its association with a human 
disease called Creutzfeldt-  was announced in March 1996 in the United 
Kingdom (UK), there was an immediate collapse in the consumption of beef in the following 
month by 40% in the country. The incidence of BSE in the UK has also impacted the demand in 
other countries such as Germany and Italy, which had no reported cases of BSE at the time (DTZ 
Pieda Consulting, 1998). It is also important to understand the negative spillover effect of the food 
scare crises on other agricultural products from the same country. The outbreak of BSE in 
December 2003 in the US led some Japanese consumers to refrain from buying not only US beef 
but also other agricultural products from the US (Ishida et al., 2012). The publicity of the BSE 
produced a shift of consumer spending from red to white within meat items during the 1990s 
(Fousekis and Revell, 2004).   
The BSE that shocked Europe in 1990s, the first case in Japan was reported by the 
Ministry of Agriculture, Forestry and Fisheries (MAFF) on September 10, 2001 in dairy herds in 
Chiba prefecture. The demand for beef fell drastically, resulting in considerable economic damage 
to Japanese beef producers as well as food service industries. By the end of November 2001, 
Japanese beef consumption fe confidence (McCluskey et 
al., 2005). Japanese consumers reacted negatively to US beef along with Japanese dairy beef even 
though there was no report of BSE in the US at the time (Yeboah and Maynard, 2004).  
The FMD is also another problem for meat consumers and producers. It is a highly 
contagious disease. FMD-free countries usually ban imports of animals and animal products from 
the infected country when it is detected, because importing countries often have a difficult time in 
keeping the disease outside their country and from spreading once it enters. It is often referred to 
as an economic disease because of the magnitude of economic harm it can cause to producers. The 
UK experienced a severe FMD in 2001. When the FMD was eradicated, 221 days later, more than 
2000 cases of FMD had been confirmed and over six million animals were destroyed. FMD was 
reported in Miyazaki and Hokkaido prefectures in March 2000. This was the first outbreak in Japan 
since 1908. According to Lloyd et al. (2001), the impact of the FMD in 2000 on beef demand was 
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very little. In addition, the impact of the disease on meat consumption lasted for short period of 
time. In 2010, ten years later, the disease was diagnosed again in Miyazaki prefecture. 
The scale and severity of the impacts of the two food scares are different. Saghaian et al. 
(2007) estimate the  E.Coli, and the results show that 
each of the food scares has different degrees of impact on the demand for beef. For instance, 
comparison of the impacts of BSE and bird flu shows that BSE has larger 
meat demand than does the bird flu (Ishida et al., 2010). The variations of the impacts might depend 
on the characteristics of each disease, such as incubation period, cure rate and infection risk. 
Therefore, this article aims to contribute to the growing literature on the impact of non-
economic factors, emphasizing on the role of food scares. The study reports an Engel curve 
estimation of demand for beef, pork and chicken. We mainly estimate the effects of the BSE in 
2001 and FMD in 2010 in Japan, and the extent to which these effects have spill over to other 
meats. We also compare the impacts of BSE and FMD, and draw implication to consumers. In 
addition, we also estimate the effects of the consumption expenditure, public holidays, Golden 
Week, Bon, end and beginning of the year, months and days of the week. The next section is the 
model, data set, followed by the empirical results and conclusion. 
4.1.  The Model 
Demand analysis, which uses the traditional economic variables such as price and income, 
plays an important role in estima . However, in such a case where we 
have only daily data for expenditure changes but no data for daily price changes, the application 
of an Engel curve model is an appropriate choice to see the consumer behavior. An Engel curve 
describes how expenditure relates to the demand for a particular good/service holding the price 
fixed.  
Working (1943) finds the tendency for the proportion of expenditure devoted to food 
decreases in an arithmetic progression as total expenditure increases in a geometric progression. 
This relationship applies for families of every size, occupation, and community. At an individual 
level, as total expenditure per person increases, the proportion of an expenditure devoted to food 
decreases. Leser (1963) investigates various forms of Engel functions that are satisfying the 




However, the Working-Lesser Engel curve has difficulty in capturing non-linear effects 
of expenditure because it has a budget share equation that are linear in the logarithm of 
expenditure. Analysis of the household budget surveys have pointed to more curvature in the Engel 
curve relationship than which is permitted by the standard Working-Lesser form. The appropriate 
form that can support generalization in the shape of Engel curve relationship is shown by a 
quadratic extension of the , which 
is used in Banks et al. (1997), restores the relevant properties of its linear counterpart and allows 
more flexibility in expenditure change. 
The equation of the model is defined as a budget share of a particular good being a 
function of expenditure and other variables holding the price fixed. Hence our empirical quadratic 
as 
                                                                  (1) 
where w is the expenditure share of the good, y is meat expenditure, t indicates time, Dm represent 
dummy variables and  ,  and  are parameters to be estimated. 
According to Matsuda (2006), the expenditure elasticity is calculated as 
                                                                                             (2) 
where q is the quantity of the good. Daily rates of shift or time trend (%/day) are calculated as 
                                                                                       (3) 
Monthly, day-of-the-week, public holidays, Golden Week, Bon, end- and beginning-of-the-year 
as well as the BSE and FMD effects (%) are calculated in the same way, replacing t with Dm and 
 with . 
4.2.  Data Set 
Daily aggregated pseudo panel data is used for the two or more person households at a 
nationwide level from January 1, 2000 through October 31, 2016, yielding a sample of 6,149 
observations. The data is from the Family Income Expenditure Survey (FIES) and the Consumer 
Price Index (CPI). Both of the FIES and CPI are published by the Statistics Bureau, Ministry of 
Internal Affairs and Communications of Japan. The daily expenditure for the individual goods (pq) 
and consumption expenditure (y) are deflated using the monthly price index. Since the data for the 
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price is not available on a daily basis, monthly price indices are found to be appropriate in deflating 
the daily expenditures.  
During the holidays and holiday seasons, spending time with family by preparing meals 
at home as well as going out for eating and drinking are common practices to do. The practices, in 
turn, may influence the demand for the food items. On the other hand, sudden outbreaks of the 
food scares that may have direct relation to food safety may also influence the consumption pattern, 
too.  
In this study, the effects of non-economic factors like months, days of the week, public 
holidays (observances), Golden Week, Bon, and end and beginning of the year as well as BSE and 
FMD are aimed to be estimated. The corresponding dummy variables representing the factors are 
included in the data set, D1 through D41. The breakdown of the dummy variables are as follows: 
D1 to D11 represent monthly dummy variables for February through December while January is 
considered to be the baseline month. D12 to D17 are dummy variables for the day-of-the-week 
effects, running from Tuesday to Sunday while Monday is considered to be the baseline for the 
days of the week. D18 is the dummy variable for the public holidays. D19 is the dummy variable 
for Golden Week. D20 dummy variable represents Bon holidays, days assumed to cover from 
August 13 to 16. D21 to D33 represent dummy variables for the end and beginning of the year (end 
of the year is assumed to cover from December 24 to 31, whereas beginning of the year is assumed 
to cover from January 1 to 5). D34 to D38 dummy variables represent the BSE effects, it covers two 
years after the outbreak. The first year is divided into quarters and the second year is just 
considered as a single dummy variable. Finally, D39 to D42 are dummy variables for the FMD 
effects, representing three quarters. 
In 2003, Japan imposed tariff on the beef import. It was aimed at giving relief for the 
local producers. Ultimately, it was assumed to have played a role for the beef demand to shift to 
domestic beef products. To protect its domestic farms that are producing sensitive commodities 
such as beef, rice and milk, Japan has been using tariff-rate quotas (TRQ). The quota is a fixed 
volume of product. Imports which are brought in within the quota pay a lower tariff, while imports 
outside the quota face much higher tariffs. Therefore, to see the effects of newly introduced beef 
tariff, we included 10 day dummy variables before the tariff was imposed, and 30 days after it was 
imposed. However, the result shows that the parameters are statistically insignificant for the vast 
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majority of the days for both before and after the implementation of the tariff. As a result, we 
removed the effects of the 2003 beef import tariff from the study.  
4.3.  Empirical Results 
 
To test the existence of the unit root, we employ the Augmented Dickey-Fuller (ADF) 
and Phillips-Perron (PP) tests to find all variables except dummies stationary. The Engel curve 
model is estimated using the Cochrane-Orcutt method. Table 4.1 reports the parameter estimates. 
Most of the coefficients are statistically significant including the log expenditure as well as 
quadratic log expenditure. The magnitude and sign of the estimated coefficients do not have 
straightforward economic interpretations. However, they are a basis for the estimation of 
expenditure elasticities and other effects on the demand. The goodness of fit of the model to our 
data set, adjusted R2 ranges from 0.832 to 0.887, indicating that the model explains our data set 













Expenditure Elasticities and daily rates of shift 
 
The expenditure elasticity estimates are statistically significant and positive for beef, pork 
and chicken as reported in Table 4.2. The estimates imply that the items are necessities. Beef, in 
particular, has an elasticity estimate of 0.300, greater than pork and chicken. It indicates that 
demand for beef is the most responsive to expenditure changes probably because it is usually more 
expensive than pork and chicken. The study by Johnson et al. (1998) could witness the fact that 
beef has a great response to expenditure changes. Similarly, Xi et al. (2004) and Yang and Koo 
(1994) report that beef is expenditure responsive and a luxury in Japan. In our study, however, the 
expenditure elasticity estimate for beef is less than one, possibly because expenditure changes 
daily in our data. Consumers respond less to expenditure changes in a short run than in the long 
run.  
In the same table, estimates of the daily rate of shift are also reported. There is a 
significant effect of time trend on all of the items. Accordingly, the demands for pork and chicken 
are slightly increasing as time goes by while the demand for beef is slightly declining. The results 
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Fig. 4.1 illustrates the significant effects of months on the demand. In August and 
December, beef demand is more than in January by 3.822% and 5.126%, respectively. It makes 
sense that in summer beef barbecue is popular in Japan. In December, beef consumption is the 
highest due to the end-of-the-year parties as well as celebrations of holidays including Christmas. 
The demand for pork is low, on the other hand, probably due to the fact that in special events more 
expensive food items such as beef are preferred. Peterson and Chen (2005) report that demand for 
pork is popular when demand for beef is unpopular and vice versa, because they are substitute 









Days of the week have significant effects on the demand for all of the items, as shown in 
Fig. 4.2. Demand for beef is higher on weekends (Saturdays and Sundays) and highest on Sundays. 
As for the pork, demand is the highest on Sundays and followed by Tuesdays. However, for 
chicken it is the highest on Tuesdays, and followed by Sundays. According to Haines et al. (2003), 
in the US, the effect of days of the week on the demand for food and drinks is significant. The 
demand for the items is higher on Tuesdays than the other weekdays. The effects of Tuesdays is 
unprecedented and interesting. AEON, the largest retailer in Asia and by far the largest 
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supermarket chain in Japan, has sales and bargains on Tuesdays for food items. Presumably our 





The effects of holidays, which are public holidays, Golden Week and Bon, are shown in 
Table 4.3. The effects of the three holidays on beef are the highest of the three items. Beef is 
demanded more on the public holidays than ordinary days. The effects of Golden Week and Bon 
are the highest on beef. Beef is not consumed on a regular basis by many Japanese households due 
to its relatively high price. Therefore, it is mainly enjoyed in special events such as parties. On the 
other hand, the effects, especially of Golden Week and Bon, on pork and chicken are different 
from that on beef. These two holidays have negative impacts on the demand for pork and chicken, 
which makes sense in that pork and chicken are more affordable and more likely to be consumed 




Fig. 4.3 shows the effects of the end and beginning of the year. The effects are statistically 
significant for almost all of the items. The demand for beef and chicken is high on Christmas Eve 
(December 24). Chicken is the most demanded item on Christmas, with the increase up to 
56.131%. Chicken is preferred at Christmas in Japan unlike turkey in the US. There is an 
immediate slip of the demand on the next day (December 25) for beef and chicken. However, on 
December 26 it shows a sign of recovery for all of the three items. The demand for pork and 
chicken reaches its peak on December 30, whereas for beef the peak is December 31. After 








Fig. 4.4 illustrates the BSE effects on the demand. After the incidence, from the first 
through fourth quarter, the effect of BSE is significant, and has a negative impact on the demand 
for beef. It is down by 40.333%, 31.847%, 15.290% and 9.719% in each quarter, respectively. As 
for the pork, it is positively impacted by the outbreak, gaining the demand by 11.659%, 8.897%, 
7.068% and 8.143% in each quarter, respectively. Capps et al. (1994) consider pork to be a 
substitute for beef when there is a beef crisis in Japan. The demand response of chicken is similar 
to that of pork: 14.053%, 14.000%, 10.300% and 9.968% for each quarter, respectively. The 
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significant effect of BSE on beef consumption is shown in the study of Yeboah and Maynard 
(2004). 
To see the persistent effects of BSE, the second year after the outbreak is analyzed. The 
falling rate of demand declined to 4.910% for beef, suggesting that the demand response to BSE 
declines over time. After the fourth quarter, it seems that the demand for the three items is slowly 
returning to normal. It took twenty one months to recover in the Netherlands under normal 
conditions (Mangen and Burrell, 2001). However, if aggressive marketing campaign is launched 
 time can be shortened to five months (Fox 


























Fig. 4.5 illustrates the FMD effects on the demand. In our graphs insignificant estimates 
are regarded as 0. The disease has a significant negative effect on beef in the first two quarters. 
The demand for beef declines by 6.668% and 5.246% in the first and second quarters unlike the 
much larger effects of BSE. The effects of the disease on pork are similar to that of beef as the 
demand for pork also falls gradually because of the nature of the FMD disease. It affects all cloven 
hoofed (split hoof) animals domestic as well as wild bovids. For instance, susceptible animals 
include cow, buffalo, sheep, pig, antelope, deer, bison, etc. The result shows that the FMD impact 
lasted for two quarters for beef, which is shorter than the impact of BSE. Even though FMD is a 
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zoonosis, a disease transmissible to humans, it crosses the species barrier with difficulty and with 
little effect. Given the high incidence of the disease in animals, both in the past and in more recent 
outbreaks worldwide, its occurrence in human is rare. Therefore, experience of the human 
infection is limited (Prempeh et al., 2001). A study shows that consumers who recognize that FMD 
poses no significant human health risk experience a welfare gain when beef price falls as a result 
of the FMD crisis whereas those who are skeptical about the disease do not gain (Paarlberg et al., 
2005). 
The percentage of animals that die directly from the FMD disease is low. However, its 
global impact is colossal due to the fact that a huge number of animals are affected by the disease. 
It is highly contagious, affects many species and it is not easily contained within one farm or one 
population. If an outbreak occurs because one farmer does not protect his/her animals, others may 
suffer. Therefore, it is arguably one of the most important livestock diseases in terms of economic 
impact throughout the world (Pendell et al., 2007). Similarly, in the UK, FMD impacts all the 
animals with the exception of poultry but with different levels of severity (Chopra and Bessler, 
2005). However, in our finding FMD has a negative effect on the demand for chicken, too, possibly 
due to the fear emanating from the nature of the disease. FMD can attack a broad range of livestock 
animals. Consumers might have refrained from consuming chicken to avoid the probable risk of 
being infected by the disease. 
Our result indicates that consumers understand the difference between the health risks 
associated with BSE and FMD. The demand response to FMD is negative for all of the three items. 
Paarlberg et al. (2005) also reported that consumers understand the distinctive nature of the two 
diseases.  
There is a huge significant difference between the impacts of the two diseases. The 
demand response of beef to FMD is much smaller than that to BSE in the first two quarters. 
Consumers respond strongly to BSE, while they respond slightly to FMD. FMD does not have 
huge human health risks while BSE can be fatal. The effects of BSE are positive on pork and 
chicken. 
4.4.  Conclusion 
In this study, a quadratic extension of the 
estimate the demand for beef, pork and chicken using daily data. The expenditure elasticity 
estimates show that beef, pork and chicken can be considered necessities. Months, days of the 
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week, public holidays, Golden Week, and Bon as well as the end and beginning of the year have 
significant effects on the demand for most of the meat items.  
As far as the food scare effects are concerned, we have understood that there is a gradual 
shift in the structure of consumer demand following the BSE and FMD outbreaks. That is, BSE 
reduces demand for beef and raises demand for pork and chicken. FMD reduces demand for beef, 
pork and chicken. The broad-spectrum effects of FMD include the reduction in the demand for 
chicken. As a result of fear of the disease, consumers might have refrained from consuming even 
chicken. The impact of BSE and FMD persisted for different periods. The impact of BSE on the 
demand for beef is more severe than that of FMD. In the first quarter alone, it is over six times as 
strong as the impact of FMD. It also takes longer time to recover than the impact of FMD. The 
impact of BSE is much more persistent than the impact of FMD, which suggests that consumers 
recognize, unlike BSE, FMD poses no significant human health risks.  
Thus, meat industries and government agencies need to consider important measures such 
as strengthening quality control system and reliable information sources. In order to combat the 
reliable information to evaluate the real risks associated with the consumption of meat. Otherwise, 
consumers overreact to every food scares regardless of their specific risks. In our finding, negative 
effects of FMD are shown even on the demand for chicken while the disease mainly affects four-











CHAPTER 5: Effects of bilateral trade agreements on the demand for beef in 
Japan: the case of Japan-Australia EPA and Japan-US FTA 
 
This chapter presents the analysis of the impacts of bilateral trade agreements on the 
demand for beef in Japan. Historically, Japan has protected its domestic beef market from imported 
beef through various protectionism policies. As a result of the policies, Japanese consumers had 
paid four to five times more for beef than do US consumers (Wahl et al., 1991; Weatherspoon and 
Seale, 1995). However, beef import has rapidly increased due to greater Japanese demand for beef, 
limitations on increasing domestic beef production, and pressure from beef exporting countries. 
Trade agreements, such as Beef Market Access Agreement (BMAA) and Comprehensive and 
Progressive Agreement for Trans-Pacific Partnership (CPTPP) have attributed to the influx of 
imported beef in Japan (Lee and Itakura, 2014; Manger, 2005; Takahashi and Maeda, 2018; 
Todsadee et al., 2012; Wahl et al., 1991). BMAA agreement reduced quota restrictions on imported 
beef, and agreed to increase beef imports as well as to replace the import quota by an import tariff 
in 1991 (Coyle, 1984; 1990; Weatherspoon and Seale, 1995). After beef tarification policy of 1991, 
the quantity demanded for imported beef has increased, particularly beef imported from the US, 
whereas the quantity demanded for domestic dairy beef has decreased. Australia complained that 
US beef import was given favorable treatment by Japan, in which the US denied the allegations 
and suggested that Japanese consumers prefer US grain-fed beef to the Australian grass-fed beef 
(Coyle and Dyck, 1989; Kawashima and Sari, 2010; Takahashi and Maeda, 2018; Yang and Koo, 
1994). Beef items in Japan are highly segmented, and it is prepared differently depending the type 
of cut, whether the beef is Wagyu or dairy, domestic or imported and grain-fed or grass-fed. 
However, still there could be some truth to the argument that Japanese consumers prefer US grain-
fed beef to the Australian grass-fed beef because US beef has similar texture with the Japanese 
beef (Obara, 2010).  
The demand for imported beef, particularly beef from the US and Australia, can be 
manifested by the impacts they have on food chains in Japan. Yoshinoya, Matsuya and Sukiya are 
the top three largest gyudon1 chains in Japan. Gyudon chains mainly use imported grain-fed US 
                                               




beef. 2 chains and 
restaurants use domestic dairy beef and imported grass-fed Australian beef (Obara, 2010; 
Yamamura and Peterson, 2016). It is clear that US beef and Australian beef are demanded in Japan 
by separate categories of food chains. Therefore, it is very important to evaluate the impacts of 
multilateral and bilateral trade deals that Japan signs with beef exporting countries Australia and 
US. There is a policy reform through Japan-Australia Economic Partnership Agreement (JAEPA) 
that was signed in 2014. Most recently, there is a negotiation underway between Japan and US to 
establish bilateral free trade agreement, also known as Japan-United States Free Trade Agreement 
(JUSFTA). The  
This study focuses on the significance of the impacts of the JAEPA and JUSFTA trade 
deals on the demand for beef in Japan. Since the implementation of these agreements have 
inevitable policy implications, it is important to pay a great attention and critically evaluate the 
empirical findings of the impacts. Similar studies have been conducted by Hayes et al. (1990), 
Kawashima and Sari (2010), Matsuda (2014), Mori and Lin (1990), Takahashi and Maeda (2018), 
and Wahl et al. (1991). Except Takahashi and Maeda (2018), all the above studies have overlooked 
a particular problem they aggregated Wagyu beef, crossbred beef and dairy beef as a domestic 
beef.  AFF; 2015) considered that Wagyu beef 
and crossbred beef are differentiated from imported beef, while dairy beef competes with imported 
beef. The study result of Takahashi and Maeda (2018) is consistent with the consideration of 
MAFF (2015), and reveals that there is no competitive relationship between Wagyu beef or 
crossbred beef and imported beef, while there is competitive relationship between dairy beef and 
imported beef. However, the imported beef were also aggregated as an imported beef, in which 
Takahashi and Maeda (2018) also failed in terms of disaggregating imported beef items by their 
source-of-origin. Our study estimates the demand for the disaggregated domestically produced 
beef Wagyu beef, crossbred beef and dairy beef, and imported US beef as well as Australian beef, 
in addition to estimating expenditure and price elasticities. The next section of the paper presents 
discussion of the data set and model and is followed by a discussion of empirical results. Finally, 
it offers concluding remarks. 
                                               
2 A hamburg steak is a grilled ground beef patty, similar to hamburger (without the bun). 
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5.1.  Data and Model 
Five types of beef items, which are both domestically produced and imported, are 
considered. A monthly time series data is used for Wagyu beef, crossbred beef, dairy beef, US 
beef and Australian beef3. The data period is from April 20074 to September 2018, yielding a 
sample of 138 observations. The quantity and wholesale prices5 are published by the Agriculture 
and Livestock Industries Corporation (ALIC; 2019). The same data source is used for estimated 
closing stock of domestically produced beef and imported beef. However, data for the quantity of 
exported Japanese beef is published by the Trade Statistics of Japan. The export data for 
domestically produced Japanese beef is available as one good. Disaggregating in to Wagyu beef, 
crossbred beef and dairy beef is needed. The wholesale prices are available in nominal values 
(yen/kg). The expenditure and nominal prices were deflated using the general consumer price 
index (GCPI). The GCPI is published by the Statistics Bureau of Ministry of Internal Affairs and 
Communications of Japan.  
In our data, the estimated marketing quantity of each the beef items is assumed to be 
equivalent to the quantity demanded for each of the beef items. The total estimated marketing 
quantity of the domestically produced beef is calculated by subtracting the quantity of exported 
beef and the quantity of closing stock change of domestically produced beef from the total quantity 
of domestically produced beef. Assume that the total estimated marketing quantity of domestically 
                                               
3 Japan is one of the largest beef importing countries in the world, and an important market of US and Australia. The 
(Muhammad et al., 2016). Besides sharing the biggest portion of imported beef, US beef and Australian beef are 
Japanese food chains such as Gyudon, hamburger and hamburg fast foods heavily depend on beef from US and 
Australia. 
4 The beginning of the data period of this study is determined to be from April 2007, because the monthly data on the 
price of the crossbred beef type can be obtained from April 2007. Prior to that time, the data for crossbred beef is 
unavailable. Also, there was a ban of US beef for the period between 2003 and 2006 because of BSE outbreak. 
5 The wholesale prices, for domestically produced beef, are on the basis of per beef-cut. A simple average is calculated 
to obtain average price for each type of beef. However, for the imported beef items, the wholesale prices are available 




produced beef is expressed by the equation , where L is total estimated marketing 
quantity of domestically produced beef, M is total quantity of domestically produced beef, N is 
total quantity of exported beef, and O is quantity of closing stock change of domestically produced 
beef. Similarly, the total estimated marketing quantity of the imported beef is calculated by 
subtracting the quantity of closing stock change of imported beef from the total quantity of 
imported beef. Assume that the total estimated marketing quantity of the imported beef is 
expressed by the equation   , where P is total estimated marketing quantity of the 
imported beef, Q is total quantity of imported beef and R is quantity of closing stock change of 
imported beef. 
The disaggregated data for the quantity of domestically produced beef Wagyu beef, 
crossbred beef and dairy beef is published by ALIC (2019). However, disaggregated data for the 
quantities of the closing stock and exported of Wagyu beef, crossbred beef and dairy beef cannot 
be obtained. The estimated marketing quantity of each of the domestically produced beef is 
calculated by multiplying the respective ratios of the quantity of each of the domestically produced 
beef to the total quantity of domestically produced beef by the total estimated marketing quantity 
of the domestically produced beef. Assume that the estimated marketing quantity of each of the 
domestically produced beef item is expressed by the equation , where S is estimated 
marketing quantity of each of the domestically produced beef, T is quantity of each of the 
domestically produced beef, M is total quantity of the domestically produced beef, and L is total 
estimated marketing quantity for domestically produced beef. 
Essentially, the same steps are followed to obtain the estimated marketing quantity of 
each of the imported beef. The estimated marketing quantity of each of the imported beef is 
calculated by multiplying the respective ratios of the quantity of each of the imported beef to the 
total quantity of the imported beef by the total estimated marketing quantity of the imported beef. 
Assume that the estimated marketing quantity of each of the imported beef is expressed by the 
equation , where W is estimated marketing quantity of each of the imported beef, Y is 
quantity of each of the imported beef, Q is total quantity of the imported beef and P is total 
estimated marketing quantity of imported beef. 
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The wholesale prices are available for the different cuts of the dressed carcasses regarding to the 
prices of Wagyu beef, crossbred beef and dairy beef. The wholesale price per beef type is a simple 
average of prices of different cuts. For the imported beef from Australia and US, the respective 
Australia beef are calculated as simple average of prices of carcass cuts of beef from each country. 
All nominal prices are deflated by using GCPI. 
The almost ideal demand system (AIDS) is a consumer demand model (Deaton and 
Muellbauer, 1980). It is a versatile system capable of studying various aspects of food demand. 
The quadratic form of the AIDS model (QUAIDS), which was first developed by Banks et al. 
(1997), is not only more versatile in modelling consumer expenditure, but also it restores the 
relevant properties of AIDS. In this study, monthly dummy variables, which are demand shifters, 
are incorporated in a way that the theoretical properties of the model are maintained, and the 
estimated demand system must be closed under unit scaling (CUUS; Alston et al., 2001). However, 
QUAIDS falls short in fulfilling the fundamental properties of CUUS. The linear approximate 
form of QUAIDS (LA/QUAIDS) was developed by Matsuda (2006), it embraces the 
characteristics of CUUS even when the demand shifters are incorporated in to the model. 
According to Matsuda (2006), the LA/QUAIDS equation is expressed as follows: 
              (1) 
where wi is the share of expenditure allocated to item i,  pj is the price of item j,  y is the total 
i, i, ij and i are parameters to be estimated. PC is 
the loglinear analogue of the Laspeyres price index and shown as: 
                                                                                                                         (2) 
PC is invariant to changes in units.  stands for the sample mean. We apply index PZ as proposed 
by Matsuda (2006): 




is also invariant to changes in units.  
 We included the effects of time trend and months as regressors in the empirical model. Our 
empirical model of the LA/QUAIDS is, therefore, specified as: 
                                                                                                                                                   (4) 
where t indicates the time trend and Dm is a monthly dummy variable. To be in line with economic 
theory, parameters of the demand equations must satisfy adding up, homogeneity and Slutsky 
symmetry restrictions as follows in Equation (5), (6) and (7), respectively. 
                    ,                          (5) 
                                                                                                                                  (6) 
                                                                                                                              (7) 
Expenditure, uncompensated and compensated price elasticities are calculated as in Equation (8), 
(9) and (10), respectively. 
                                                                                                     (8) 
                                                    (9) 
 (Slutsky Equation)                                                                                    (10) 
Monthly rates of shift (%/month) are calculated as: 
                                                                                               (11) 
Monthly effects (%) are calculated in the same way, replacing t with Dm. 
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To select a method of estimating the time series data that is suitable for this study, a unit 
root test is carried out through an augmented Dickey-Fuller (ADF) and a Phillips-Perron (PP) tests 
(Dickey and Fuller, 1979; Phillips and Perron, 1988). The co-integration tests are used to analyze 
non-stationary time series processes that have variances and means that vary over time. To 
perform the co-integration test, the methodology of Engle and Granger (1987) is used.  
Based on the results of the unit root and the co-integration tests, the following analysis model is 
used to estimate the demand structures for beef items in Japan. 
                                                                                                                                                                   (12) 
Dm is the monthly dummy variable 
that takes 1 for the month m and zero for all months other than month m, and im is the parameter. 
The impacts of the JAEPA and JUSFTA trade deals on beef demand will be analyzed using the 
compensated price elasticity estimated by the Equation (10). The following method is used for 
analyzing the impacts of the JAEPA and JUSFTA. When the demand function of item i Di=Di 





Here, Di (=Dit-Dit-1) is the amount of change in the quantity demanded for item i, pk (=pkt-pkt-1) 
is the amount of change in the price of item k, ik is the elasticity of demand for item k, period t-1 
is the period before JAEPA or JUSFTA comes into effect, and period t is the period after the 
JAEPA or JUSFTA comes into effect. 
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When approximating a differential by difference, it is necessary to use the mean value of before 
and after the change as levels values. Hence, i and k are respectively expressed as follows in 
Equations (15) and (16). 
 
Di due to the JAEPA or JUSFTA can be expressed in Equation (17). 
 
pk, which is the amount of change in the price of item k, is calculated as follows. 
 
Here, 1k is the tariff rate of item k after the JAEPA or JUSFTA comes into effect, and 2k is the 
tariff rate of item k before the JAEPA or JUSFTA comes into effect.  







The analysis of the JAEPA or JUSFTA impact is carried out based on the assumption that 
the price elasticities of demand
























5.2.  Empirical Results 
 


















Wagyu beef (0.920), crossbred beef (0.895) and dairy beef (0.894) are expenditure 
















                                               

























5.3.  Conclusion 
This paper analyses the impacts of bilateral trade agreements on the demand for beef in 
Japan. Even though one of the objectives of the agreements is trade liberalization, there are 
concerns on the impacts of the agreements on the domestic beef production. The LA/QUAIDS, 
which is a comprehensive demand system, is employed to econometrically evaluate the current 
demand structure for Wagyu beef, crossbred beef, dairy beef, US beef and Australian beef in Japan. 
In our data, disaggregating of imported beef into the country-of-origin has been carried out, which 
has not been done so far. ADF and PP test results reveal that our data is a non-stationary time 
series, and taking the first difference from one period before is important to convert the data to 
have a stationary nature. Engle and Granger (1987) co-integration test results show that 
 
The estimated expenditure elasticities show that US beef and Australian beef are 
expenditure elastic, while Wagyu beef, crossbred beef and dairy beef are expenditure inelastic. It 
suggests that the response of demand for imported beef is larger than that for domestically 
produced beef. The JAEPA and JUSFTA trade deals have significant impacts on the quantities 
demanded for all the beef items. The impacts have implications of policy for domestically 
produced beef Wagyu, crossbred and dairy because there is a decline in demand for domestically 
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produced beef by 3.336% and 4.228% as a result of the JAEPA and JUSFTA impacts, respectively. 
Among the domestically produced beef items, dairy beef is the most impacted both by Australian 
and US agreements, whereas the Wagyu beef is the least impacted by the agreements. It makes 
sense that since the Wagyu beef is considered as high quality beef and its price is not competitive 
with the prices of imported beef items.  
An increase of a low-cost US and Australian beef has a short-run benefit to the Japanese 
consumers. In the long-run, it increases the dependency on the beef imports by decreasing 
domestic beef production. Beef import in Japan is mainly dominated by the US and Australia, and 
that makes it even more difficult to obtain an adequate supply of beef in an event of beef crisis 
with these countries. Therefore, there should be a comprehensive policy plan that enables the 
sustainable supply of domestically produced beef, in which by extension help sustain the 
livelihoods of beef cattle farmer in Japan, dairy cattle farmers in particular. 
Therefore, to the best of our knowledge, our paper is the first to provide the empirical 
evidence for the impacts of the JAEPA and JUSFTA on a disaggregated domestic as well as 
imported beef items. The results are useful not only for researchers as a reference for further 
studies, but also for the food industries and administrative agencies in Japan. Using the assumed 
tariff rates for the JUSFTA is one of the limitations of this study. To analyze the impacts of 
JUSFTA more accurately, it will be necessary to get the finally sig














CHAPTER 6: Summary, Conclusions and Implications 
6.1.  Summary 
This thesis uses different datasets from different sources namely; Family Income 
Expenditure Survey (FIES) and Consumers Price Index (CPI) both published by Ministry of 
Internal Affairs and Communications of Japan, Agriculture and Livestock Corporation Industries 
(ALIC) and Trade statistics of Japan. The estimation techniques used are also different; Linear 
Approximate Quadratic Almost Ideal Demand System (LA-QUAIDS) and the quadratic extension 
on behavior in Japan from a 
national, regional, seasonal, holidays, food scare outbreaks and tariff reductions point of views. 
Chapter one presents the introduction of the whole studies incorporated into the thesis. 
Chapter two is about estimation of demand for twelve food categories for gift-use and home-use, 
respectively in Japan. The expenditure elasticities show that nine of the twelve gift food categories 
are expenditure elastic, while only seafood, fruits, beverages, alcohol and eating out are 
expenditure elastic for home-use food categories. This suggests that gift food is relatively more 
luxurious than food that is routinely consumed in a household. Demographic variables have 
significant effects more on the home-use food categories than gift food categories. There are also 
regional effects on the quantity demanded for gift food categories as Japan has various regional 
cuisines and food specialties. For instance, demand for meat gift is high in Kobe supposedly as a 
result of famous brand called Kobe beef. 
Chapter three presents about regional effects on the demand for meat and seafood in 
Japan. The results of the estimate shows that time and demographic and regional variables have 
significant effects on the demand for most of the food items. The effects of regions on beef is 
opposite to pork. Pork is popular in major cities in eastern Japan, while beef is popular in western 
Japan. Chicken is similar to beef except for Yokohama. Sausage, bacon, fresh seafood and 
processed seafood are demanded more in the eastern part than in the western part of Japan with a 
few exceptions.  
The results of the impacts of food scares are shown in chapter 4, and it reports about 
evaluation of the impacts of the BSE and FMD outbreaks on meat demand. Also, the impacts of 
the months, days of the week, public holidays, Golden Week, and Bon as well as the end and 
beginning of the year are included in this chapter. The latter factors have significant effects on the 
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demand for most of the meat items. The result shows that there is a gradual shift in the structure 
of consumer demand following the BSE and FMD outbreaks. That is, BSE reduces demand for 
beef and raises demand for pork and chicken. FMD reduces demand for beef, pork and chicken. 
The broad-spectrum effects of FMD include the reduction in the demand for chicken. FMD is not 
consuming even chicken. The impact of BSE on the demand for beef is more severe than that of 
FMD. In the first quarter alone, it is over six times as strong as the impact of FMD. It also takes 
longer time to recover than the impact of FMD.  
This study includes the impacts of bilateral trade agreements on the demand for beef. 
Chapter five presents Japan-Australia EPA and Japan-US FTA effects. The estimated expenditure 
elasticities show that US beef and Australian beef are expenditure elastic, while Wagyu beef, 
crossbred beef and dairy beef are expenditure inelastic. It suggests that the response of demand for 
imported beef is larger than that for domestically produced beef. The JAEPA and JUSFTA trade 
deals have significant impacts on the quantities demanded for all the beef items. Among the 
domestically produced beef items, dairy beef is the most impacted both by Australian and US 
agreements, whereas the Wagyu beef is the least impacted by the agreements. 
6.2.  Conclusion  
After including various factors, such as demographics, regions, seasons, time trend, food 
scare outbreaks, tariff reductions, days of the week, public holidays, Golden Week, Bon, o-
and o-seibo into our estimation systems, the results reveal that the factors have conclusively played 
significant roles in determining the demand for food, meat in particular in this thesis. Based on 
estimation results of these studies, several conclusions have been reached. The following major 
conclusions could be drawn. 
Firstly, there is significant implications for the gift food market in particular. For 
instance, rice and fruits suppliers can give much attention during harvest seasons because demand 
for rice and fruits is high due to newly harvested gift crops. Similarly, confectioneries companies 
targeting February and March mo
During summer and end-year seasons, demand for the majority of the food categories is higher 




Secondly, the regional meat and seafood demand variation clearly reveals that there is 
distinct difference in consumption and dietary habits among the regions as there are distinct 
customs embedded historically in the individual regions. In addition, the agro-ecological variations 
seem play an important role in providing region-specific resources, food items dominated by 
certain regions in particular. Therefore, the practical knowledge of the food industry, especially 
the industry of the items estimated in our study, about regional demand variation of meat and 
seafood products and may help the industry target production and supply more efficiently 
according to the regional preferences. 
Thirdly, the estimation results shows that the impact of BSE is much more persistent than 
the impact of FMD, which suggests that consumers recognize that unlike BSE, FMD poses no 
information, it is very crucial that consumers need to access reliable information to evaluate the 
real risks associated with the consumption of meat. Otherwise, consumers overreact to every food 
scares regardless of their specific risks. In our finding, negative effects of FMD are shown even 
on the demand for chicken while the disease mainly affects four-legged livestock animals. 
Fourthly, an increase of a low-cost US and Australian beef has a short-run benefit to the 
Japanese consumers. In the long-run, it increases the dependency on the beef imports by decreasing 
domestic beef production. Beef import in Japan is mainly dominated by the US and Australia, and 
that makes it even more difficult to obtain an adequate supply of beef in an event of beef crisis 
with these countries. 
6.3.  Implications  
With respect to the food scare outbreaks and subsequent crisis, meat industries and 
government agencies need to consider important measures such as strengthening quality control 
 negative 
information, it is very crucial that consumers need to access reliable information to evaluate the 
real risks associated with the consumption of meat. In this thesis, the impacts of trade agreements 
on the demand for beef are also very significant.  The results are useful not only for researchers as 
a reference for further studies, but also for the food industries and administrative agencies in Japan. 
Using the assumed tariff rates for the JUSFTA is one of the limitations of this study. To analyze 
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Table A.1 reports the estimates of expenditure and price coefficients of equation (4). The 
sign and magnitude of the estimated coefficients do not have straightforward economic 
interpretation. However, they are basis for the estimation of elasticities. For gift food categories, 
the log own-price coefficients for cereals (1.796), milk/eggs (0.325), confectioneries (3.331), and 
eating out (-8.403) are statistically significant. The log expenditure coefficients for the twelve food 
categories are significant. The quadratic log linear expenditure coefficients are significant for all 
food categories except seafood, meat, milk/eggs and cooked food. As for home-use food 
categories, most of the log own-price, log expenditure and quadratic log expenditure coefficients 
are statistically significant. The estimated R2 ranges from 0.070 to 0.547 for the gift food, while it 
ranges from 0.425 to 0.839 for the home-use food categories. It shows that the LA/QUAIDS model 
























An Empirical Analysis of Japanese Food Demand with Special Reference to Beef 
 
In this research, the multifaceted importance of food in Japan has been discussed. The 
importance of food in Japan is not only as a meal to be eaten, but also one of the important tools 
of socialization. Japanese invest a substantial amount of money on gift-giving. Food is considered 
the traditional type of gift in Japan. Japanese buy luxury food seasonally as gifts for family, 
friends, or colleagues. O- -seibo are particularly popular gift-giving events in Japan.  
Japanese food consumption pattern has been undergoing dramatic changes over the last 
several years. There have been increasing consumption of meats, such as beef and dairy products, 
while there have been decreasing consumption of rice, fish, fresh fruits, as well as fresh and 
processed vegetables in Japan. Meat consumption, beef in particular, does not have a long history 
in Japan due to a dietary ban on the eating of flesh from four-legged animals before the Meiji 
Restoration. However, there has been gradual changes for years and eventually meat products have 
become important food items in the Japanese diets. The followings could be some of the 
Western customs into Japanese culture and removal of the longstanding social taboo against the 
eating of meat became a symbol of this integration. For long time, Japan had protected its domestic 
beef market from imported beef through various protectionism policies. Now, beef import has 
rapidly increased due to greater Japanese demand for beef, limitations on increasing domestic beef 
production, and pressure from beef exporting countries.  
The dramatic price changes in beef have also influenced the prices and consumption 
levels of all meats and meat substitutes. There are also other demand shifting variables, such as 
taste, religion, socio-economics, demographics, region, season, household dynamics and media 
information, time trend, food scare outbreaks, tariff reductions, days of the week, public holidays, 
Golden Week, Bon, o- -seibo that impacts the demand for beef. Beef demand analysis 
in Japan has captured attention of many economists. It is in part due to Japan being the nation that 
has likely experienced the most dramatic shifts in the dietary preference.  
Deaton (1985) suggests that the use of pseudo panel data is an alternative econometric 
method for estimating demand models of individual household behavior. Therefore, since micro 
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data is not available in the family income expenditure survey (FIES) of Japan, the aggregate micro 
data has been used in this study. All the price and expenditure data are deflated using consumer 
price index (CPI). Daily and monthly aggregated pseudo panel data for two or more person 
households were used. The FIES and CPI data are published by the Statistics Bureau, Ministry of 
Internal Affairs and Communications of Japan. There are also other data sources, the quantity and 
wholesale prices of both imported and domestic beef items are published by the agriculture and 
livestock industries corporation (ALIC), and the data for the quantity of exported Japanese beef is 
published by the Trade Statistics of Japan. In this data, there are various non-economic factors, 
such as regions, seasons, time trend, months, days of the week, public holidays (observances), 
Golden Week, Bon, and end and beginning of the year, BSE and FMD as well as JAEPA and 
JUSFTA are aimed to be estimated for their impacts on the demand for beef in particular and food 
in general. 
The estimation techniques that have been chosen for the studies in this thesis are the linear 
approximate quadratic almost ideal demand system (LA/QUAIDS) and quadratic extension of 
demand. However, the AIDS model has difficulty of capturing the effects of non-linear Engel 
curve because it has budget share equations that are linear in the logarithm of expenditure. The 
quadratic form of the AIDS model (QUAIDS), which was first developed by Banks et al. (1997), 
is not only more versatile in modelling consumer expenditure, but also it restores the relevant 
properties of AIDS. The linear version (LA/QUAIDS), which was developed by Matsuda (2006), 
embraces the characteristics of closed under unit scaling (CUUS) even with demand shifters.  
Working (1943) finds the tendency for the proportion of expenditure devoted to food 
decreases in an arithmetic progression as total expenditure increases in a geometric progression. 
This relationship applies for families of every size, occupation, and community. At an individual 
level, as total expenditure per person increases, the proportion of an expenditure devoted to food 
decreases. Leser (1963) investigates various forms of Engel functions that are satisfying the 
additivity criterion. He suggests that a form of relationship used by Working (1943) has great 
advantageous. However, the Working-Lesser Engel curve has difficulty in capturing non-linear 
effects of expenditure because it has a budget share equation that are linear in the logarithm of 




LA/QUAIDS is used to estimate the demand for twelve food categories for gift-use and 
home-use, respectively in Japan. The expenditure elasticities show that nine of the twelve gift food 
categories are expenditure elastic, while only seafood, fruits, beverages, alcohol and eating out are 
expenditure elastic for home-use food categories. This suggests that gift food is relatively more 
luxurious than food that is routinely consumed in a household. Demographic variables have 
significant effects more on the home-use food categories than gift food categories. There are also 
regional effects on the quantity demanded for gift food categories as Japan has various regional 
cuisines and food specialties. For instance, demand for meat gift is high in Kobe supposedly as a 
result of famous brand called Kobe beef. In the study of regional effects on the demand for meat, 
the effects of regions on beef is opposite to pork. Pork is popular in major cities in eastern Japan, 
while beef is popular in western Japan. Chicken is similar to beef except for Yokohama. 
l is used to estimate the impacts of the BSE 
and FMD outbreaks on the demand for meat. Also, the impacts of the months, days of the week, 
public holidays, Golden Week, and Bon as well as the end and beginning of the year are evaluated. 
The latter factors have significant effects on the demand for most of the meat items. The result 
shows that there is a gradual shift in the structure of consumer demand following the BSE and 
FMD outbreaks. That is, BSE reduces demand for beef and raises demand for pork and chicken. 
FMD reduces demand for beef, pork and chicken. The broad-spectrum effects of FMD include the 
of the disease, consumers might have refrained from consuming even chicken. The impact of BSE 
on the demand for beef is more severe than that of FMD. It also takes longer time to recover than 
the impact of FMD.  
The LA/QUAIDS model is used to estimate Japan-Australia EPA and Japan-US FTA 
effects. The estimated expenditure elasticities show that US beef and Australian beef are 
expenditure elastic, while Wagyu beef, crossbred beef and dairy beef are expenditure inelastic. It 
suggests that the response of demand for imported beef is larger than that for domestically 
produced beef. The JAEPA and JUSFTA trade deals have significant impacts on the quantities 
demanded for all the beef items. Among the domestically produced beef items, dairy beef is the 
most impacted both by Australian and US agreements, whereas the Wagyu beef is the least 
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